The current study was carried out to evaluate the effects of gamma irradiation on the epiphytic microflora and ripening process of the green Dwarf Cavendish bananas harvested at the three-quarter stage of the maturity. The mature green bananas were irradiated using Cobalt-60 as the source of irradiation at different dosages of 0.5, 0.75 and 1.0 kGy. The mean life of both the experimental and control group of fruits was analyzed under ambient conditions. For all the treatments the microbial potential, the decay percent and the ripening behavior of the fruits were recorded. Results revealed that the applied radiation doses reduced the decay incidence, delayed ripening process and greatly inhibit the microbial growth (total bacterial and fungal count) thereby enhancing the shelf life of bananas. Irradiation dose of 1.0 kGy was found to be the most effective dose to positively maintain the stored bananas under ambient conditions. The mean life of bananas was extended by 14 days. The identification of the enteric bacteriaeaceae through API 20 E strips revealed the presence of Shigella sonnie on the fruit surface along with Escherichia coli and a nonfermentor spp. The dominant spoilage causing fungi identified were Aspergillus niger, Aspergillus flavus, Collotrichum musae, Fusarium oxysporum,Mucor spp, Lasiodiplodia theobromea and Rhizopus stolonifer.
INTRODUCTION
Horticulture crops hold eminent importance of their high return per unit time and area. However, a substantial amount of postharvest wastage of these produces take place around the world that is responsible for the reduction of profits thus subsequently promoting food insecurity ( MASHAU et al., 2012) . Worldwide post harvest losses of fruits and vegetables may reach up to 30 to 40% and even much higher in some developing nations ( ZAMAN et al., 2007) . Reducing these post harvest losses is vital; ensuring that sufficient food, both in quantity and in quality is available to every inhabitant in our planet. One of the primary factors that can be held accountable for the losses is the microbiological decay. While passing from farm to the table the fresh produce is rendered available to potential microbial contamination at every step including cultivation, harvesting, transporting, packaging, storage and selling it to the final destination i.e. the consumer ( HASSAN et al., 2004) . Consumers demand to use those fresh fruits and vegetables which are bacteriologically safe ( POSTMASTER et al., 1997) . The food spoilage and contamination due to microbes and pathogens presents a serious risk in food safety. The Centre for Disease Control and Prevention stated that 76 million cases of food borne illness occur each year ( FIELDING, 2007) . Incidences with identified etiology were essentially of bacterial origin demonstrating that the analysis of microbial load on the surfaces of raw fruits and vegetables is requisite. Banana is grown in tropical regions of the world where the banana sector plays a key role in international trade. It stands at fourth place among the world's most important crops after rice, wheat and maize in terms of gross value production ( NELSON et al., 2006) . Banana is highly perishable commodity due to its high water content and is therefore liable to many diseases, especially fungal infection. Being a climacteric fruit it exhibits high respiration rate ( LIU et al., 1999) . The endogenous ethylene induces ripening making it strenuous to market the product in more distant localities. The short shelf life is the primary obstacle in exporting bananas ( ZAMAN, PAUL, ALAM, IBRAHIM; HASSAN, 2007) . Three main events occur after the banana fruit is harvested namely the preclimacteric phase, the ripening phase and the senescent phase. Ripening makes the fruit edible and comprises the most crucial phase in their life both physiologically and commercially. The preclimacteric period also referred to as the "green life" however is of extreme importance to the ripeners and importers as banana is transported before it is ripened. This period is characterized by low basal respiration rate and almost undetectable levels of ethylene production by the mature green fruit both. The longest practical preclimacteric period is desired for delaying the ripening and in turn enhancing the shelf life of banana ( SURENDRANATHAN, 2005) .
The food irradiation, also authorized by WHO to increase food safety, plays a positive role in preserving the quality and mean life of fruits and vegetables. Gamma radiations have been proven to be energetically more powerful than the x-rays ( FAN; SOMMERS, 2012). Fruits are routinely irradiated around the globe with a purpose of delaying the ripening by altering the physiological processes in plant tissues ( FOLLETT; WEINERT, 2009) . The maximum dose of ionizing radiation approved by the United States that can be applied to fresh fruits and vegetables for retarding growth, maturity and disinfestation is 1.0 kGy ( MILLER, 2006) . Ionizing radiation holds great potential for extending the shelf life of food commodities as it can eliminate pathogenic bacteria, disinfest fresh fruits and vegetables as a postharvest quarantine treatment and reduce or eliminate microorganisms. This technique has advantages over other techniques because gamma radiation presents effective and homogeneous penetration power in the tissue, requires a relatively short radiation time and does not increase the temperature of the fruit ( DIONÍSIO et al., 2009) .
The longer shelf lives improve the trade opportunities between nations by extending time constraints under which fresh produce must be delivered to more distant geographic markets or by allowing the use of slower and less expensive modes of transportation. The current study was carried out to evaluate the effects of gamma irradiation on the epiphytic microflora and ripening process of the green Dwarf Cavendish bananas harvested at the three-quarter stage of the maturity.
MATERIAL AND METHODS

Sample collection and gamma irradiation
Green banana fruits (Musa sapientum cultivar 'Dwarf Cavendish'), harvested at color index no. 1 when the fruit had developed to a full threequarter grade, were obtained from the local market of Lahore. The dealer was requested to make sure that the selected samples for all experiments were taken from the third hand in each bunch from the same plantation. Hands were separated into clusters of five to six fingers. The fruits were sealed in cellophane bags, divided in control and experimental groups labeled indicating the doses of radiation to be applied. The experimental group was subjected to gamma radiation at Pakistan Radiation Services, Lahore, Pakistan using Cobalt-60 as the source at the dose rate of 60 Gy/hr. After irradiation, the fruits were stored in a dry place under ambient conditions. The fruits from each hand were then carefully detached and evaluated for the different parameters. Bananas were observed after every 2 days interval for their organoleptic properties and 7 days interval for microbial load till 21 days.
Microbiological studies
The bananas were cut carefully using pre sterilized knives to detach them from the hands. Serial dilution method was used for the isolation of microorganisms. The fruits (one banana fruit/per hand/treatment/rep) were shaken thoroughly for 20 min in 300 ml of sterile saline water and serial dilutions were made out of this. 100µl of each dilution was transferred in to the sterilized petri plates containing Nutrient agar (for non-fastidious bacterial isolation), MacConkey agar (for Gramnegative enteric bacilli isolation) SalmonellaShigella agar (for Salmonella spp. and Shigella spp. isolation) and Potato Dextrose agar (for fungi isolation). The plates were then incubated at 37°C for 24 hours and at 30°C for 48 hours for bacterial and fungal growth respectively. Total viable count of bacteria and fungi were calculated according to Mohamed and MAhmoud (2010) . Color, texture, margins, elevation, surface characteristics, consistency and optical properties, Gram and Endospore staining of the bacteria was performed. The API-20E test kit was used for the identification of enteric bacteria. Fungal species were identified on the basis micro and macroscopic characteristics using Methylene Blue as mounting technique.
Fruit quality analysis Peel color
The color of the banana peel was monitored by comparison with a color scale developed for banana ripening by Loeseck (1950) . The scale ranged from 1 to 7, with values representing: (1) green (2) traces of yellow (3) more green than yellow (4) more yellow than green (5) yellow with green endings (6) completely yellow (7) yellow with slight brown specks and (8) yellow with more brown specks.
Pulp-to-peel ratio
The pulp-to-peel ratio was determined by weighing the parts of individual samples. The results were expressed as the weight percentage of 59 Evaluation of microbial… ABDULLAH, R. et al.
pulp relative to the peel according to Gloria and Adão (2013) 
Decay Assessment
The decay of the banana fruits during storage was recorded and based on visual inspection of each fruit for infection and their percent decay was observed (Gihan, 2010) . In this regard, infected fruits were arranged into the following five categories: 0 = superficial fleck (no decay), 1 = 1-24 % of the surface decayed, 2 = 25-49 % of the surface decayed, 3 = 50-74 % of the surface decayed and 4 = 75% or more of the surface decayed. The decay index for each treatment was calculated by the following formula. Decay Index= Sum (Number of fruits per category × Category number) / Total number of infected fruits) × 100 Severity of Index % = DI/4 × 100
Sensory evaluation using 9-point hedonic scale
The marketable bananas were peeled and observed for the incidence of decaying after every week. The sensory qualities of control and irradiated banana samples were evaluated by using 9-point Hedonic scale. Acceptance testing was carried out to determine how much each sample was liked based on 9-point Hedonic scale for a set of attributes: taste, flavour, color and appearance acceptance where 1= like extremely and 9= dislike extremely (Stone et al., 2012) .
Statistical analysis
The results were validated by Costat 6.4 using completely randomized block design and mean values were compared using Duncan's New Multiple Range test at p ≤ 0.05. The standard deviation and mean square error of replicates from mean value was also found out. Table 1 shows the impact of gamma radiation on decay percent and shelf life enhancement of mature green bananas kept under room temperature. The positive effect of gamma radiation to lower the decay incidence so that the shelf life could be extended depended upon the level of the applied doses. No decay percent was observed for both the irradiated and non irradiated fruits upto 14 days of storage. After two weeks the non irradiated bananas started to deteriorate and at the end of the third week they were completely decayed. However, the irradiated fruits remained free of any such incidence for that period of time. Once the fruits irradiated at 0.5 and 0.75 kGy reached the seventh stage of ripening after 21 days they also showed signs of decay which progressed with the passage of time. The dose of 1.0 kGy was found to be the superior one for controlling the decay percent and injury as the fruits exposed to that dose remained healthy for upto 28 days. Table 2 depicts the changes in the pulp to peel ratio in banana fruits at different doses of gamma radiation during ripening under room temperature. Pulp to peel ratio is regarded as a good and suitable index of ripening of banana fruits. The ratio always increases in response to ripeness (i.e peel color score). So, the ratio escalated for both the treated and untreated fruits as the ripening process continued. However, the rate of increase for the irradiated and non irradiated fruits was different. The untreated bananas attained the seventh stage of ripening within 14 days of storage. In comparison to that the treated fruits clearly had the ripening process delayed which was manifested in the form of slow increase in peel to pulp ratio and in turn the change from green to yellow pigmentation in the peel. The fruits exposed to the lowest doses of 0.5 kGy and 0.75 kGy almost ripened one after another reaching the sixth stage of ripening in about three weeks. However, the dose of 1.0 kGy was the most effective one in inhibiting the ripening process for the longest period of time in bananas. The fruits 60 Evaluation of microbial… ABDULLAH, R. et al.
RESULTS
Decay Assessment
Pulp to peel ratio
receiving this dose were found to be still at fifth stage of ripening by the end of the 21 days period. Sensory evaluation using 9 point hedonic scale Significance for consumer acceptance was carried out to evaluate the significance of attributes for both radiated and un-irradiated samples by using 9-point Hedonic scale (Figure 1 (a) and (b) ). The consumer acceptance for radiated sample was found to be more as compared to un-irradiated bananas.
The characterization of trends of sensory qualities was also done by using sample size of 15 trained panelists. It was found that irradiated samples were superior in quality as compared to control samples. The quality of un-irradiated bananas was masked by changes in color of peel and rapid ripening rendering them less acceptable. 
Total viable bacterial count Enumeration of bacteria on Nutrient agar
The Figure 2a depicted the significant effect of applied gamma radiation doses on total viable bacterial count of banana fruits stored at room temperature. In this regard the control group of banana fruits exhibited initial bacterial count of 13.0 × 10 4 cfu/g after the first week of storage on nutrient agar medium. This count reached up to 32.5 × 10 4 cfu/g during the next week when the bananas ripened to complete maturity. Different gamma radiation doses employed proved to be effective in reducing the total viable bacterial count to different extents with highest reduction observed at the highest dose of 1.0 kGy. The initial counts obtained for the doses of 0.5 kGy, 0.75 kGy and 1.0 kGy were 5.2 × 10 4 , 3.5 × 10 4 and 1.9 × 10 4 cfu/g respectively. The bacterial count increased gradually with progressive weeks in case of irradiated bananas as well but remained low in comparison to the control banana fruits. After three weeks of storage the highest dose of 1.0 kGy registered the total viable bacterial count of 10.4 × 10 4 cfu/g that was even less than the one for the control bananas after first week of storage. The effects of all the treatments on total viable bacterial count vary significantly from each other at p ≤ 0.05. The bacteria were mainly gram positive rods but a few gram negative rods and gram positive cocci were also observed.
Enumeration and identification of bacteria on Salmonella-Shigella agar
The figure 2b reveals the repressing effect of gamma irradiation on the bacterial growth on banana surface as observed on SS agar. There was a marked difference observed between the bacterial load of control and irradiated group of bananas. The control group harbored the initial total viable bacterial count of 8.6 × 10 4 cfu/g which increased up to 16.8 × 10 4 cfu/g by the end of the second week of storage. Again the irradiated group of banana's showed much less total viable bacterial count than the control one and this effect was more evident with the increase in the applied doses of gamma radiation. In relation to that the banana fruits irradiated at 0.5 kGy, 0.75 kGy and 1.0 kGy had an initial total viable bacterial count of 3.2 × 10 4 , 1.6 × 10 4 and 6.0 × 10 4 cfu/g respectively. The lowest reduction was achieved by 1.0 kGy as the bananas irradiated at that particular dose gave a total viable bacterial count of 7.8 × 10 4 cfu/g after three weeks in storage The effects of all the treatments on total viable bacterial count vary significantly from each other at p ≤ 0.05.No Salmonella colonies were observed from the testing of both the control and irradiated banana fruit samples indicating their complete absence on the fruit surface. However, colonies of Escherichia coli and Shigella were seen on the SS plates of control and irradiated banana samples.
Enumeration and identification of bacteria on MacConkey agar
The Figure 2c shows the total viable bacterial count of the irradiated and control group of bananas observed on MacConkey agar. The controls showed higher values than the irradiated ones. The control banana samples had an early total viable bacterial count of 3.9 × 10 4 cfu/g whereas banana samples irradiated at 0.5 kGy and 0.75 kGy exhibited a reduction level with total viable bacterial count of 2.3 × 10 4 and 1.7 × 10 4 cfu/g in the first week of storage. A complete growth inhibition of gram negative bacteria was seen at 1.0 kGy till the first week. The total viable bacterial count for that particular dose then progressed to 9.8 × 10 4 cfu/g after three weeks. The effects of all the treatments on total viable bacterial count vary significantly from each other at p ≤ 0.05.
Enterobacteriaceae
Identification through Analytical Profile Index 20 E
The test results of API 20 E strips were analyzed on the basis of the color changes in the reaction. All the reactions were recorded on the laboratory report. The results were then compared with the identification table given in the manual provided along with the API 20E kit. The identified microorganism was Shigella sonnie and Escherichia coli observed on SS agar and non fermentor spp, and E.coli observed on MacConkey agar.
Total viable fungal count Enumeration and identification of fungi on potato dextrose agar
The Figure 2d shows the total viable fungal count of banana's kept at room temperature as affected by the different doses of gamma radiation. The data clearly showed that the fungal load of banana fruits was considerably higher than that seen for the total bacterial load on different nutrient media. The control fruits harbored the greatest fungal load with a total viable fungal count of 7.5 × 10 4 cfu/g on the 7 th day of storage. This further incremented to 28.6 × 10 4 cfu/g for the next seven days after which the control began to deteriorate. A significant reduction was deployed by the lower 62 Evaluation of microbial… ABDULLAH, R. et al.
doses of 0.25kGy and 0.5 kGy. However, the most effective results were noted for the highest dose of 1.0 kGy. The initial total viable fungal counts of 5.5 × 10 4 , 4.2 × 10 4 and 3.1 × 10 4 cfu/g were obtained for the doses of 0.5, 0.75 and 1.0 kGy respectively. The count for the above doses increased to 31.2 × 10 4 , 29.7 × 10 4 and 24.9 × 10 9 cfu/g till the end of the third week. 
DISCUSSION
Gamma radiations have been proven to be energetically more powerful than the x-rays ( FAN and SOMMERS, 2012) . In relation to that the unripe bananas in this study were exposed to gamma radiation doses of 0.5-1.0 kGy and kept under ambient conditions. The effect of the different level of doses on epiphytic bacterial and fungal load, pulp to peel ratio, ripening period and decay percent of the fruits was analyzed and then compared to the controls which were also examined for the same parameters. Based on the decay percent analysis the treated fruits lasted longer than the control ones. The gamma radiation dose of 1.0 kGy was the most suitable as compared to other doses in keeping the fruit safe from deterioration for the longest period of time under ambient conditions. It might be due to the fact that higher dose lead to higher sanitation efficiency thereby targeting more spoilage causing microorganisms ( SOMMERS et al., 2006) . All the levels of doses were effectual for enhancing shelf lives when compared to the control group. The changes in peel to pulp ratio and peel color index were used to monitor the ripening process in controls and treated fruits. The control bananas reached the full stage of ripening within 14 days while the gamma irradiated bananas receiving the highest dose of 1.0 kGy ripened within 28 days. Therefore the shelf life of banana was extended by 14 days by gamma radiation treatment. The stage of the maturity of banana at which the irradiation is carried out also plays a vital role in determining the enhancement of the shelf life. Irradiation should be carried out as soon as possible after harvesting of bananas therefore the fruits in our experiment were given the radiation treatment within 12 hours after harvest. The irradiation of fruits for the purpose of delaying ripening must be carried out when the fruits are harvested at the hard mature green and before the start of climacteric phase. It was reported on account of Gloria and Adao ( 2013) who observed that irradiation at 1.0 kGy at hard mature green stage of banana was the most appropriate dose in extending the shelf life to the longest period of time.
Bacterial pathogens cannot proliferate in fruits due to their low pH but they can survive for a sufficient time to cause foodborne disease ( JOSHI; PATEL, 2008) . Occasional food-related illnesses caused by pathogens or bacterial toxins in fruits have been mostly attributed to contamination produced by exposure to human or animal waste or to contaminated irrigation water. In this study the contaminated microflora was Shigella sonnei and non fermented spp. identified with the help of analytical profile index 20 E strips.
Control of food borne pathogens and shelf life extension can be acquired by the medium dose (1-10 kGy) application of ionizing radiation ( MILLER, 2006) . In this regard the applied doses of gamma radiation worked well in reducing both the bacterial and fungal load in the present study. The bacterial load as analyzed on nutrient agar, salmonella-shigella agar and MacConkey agar showed a reduction in the case of irradiated fruits as compared to non irradiated ones. The halting effect of gamma radiation on microbial growth might be due to the reason that gamma radiation induces direct cell damage by having deleterious effects on the chromosomal DNA along with protein coagulation of living cells. ( BARKAI-GOLAN,  2001 ). This effect was most profound with the samples irradiated at 1.0 kGy in all the three different nutrient media. The epiphytic fungal and bacterial load of the fruits was recorded for three progressive weeks. The microbial load of both the control and irradiated fruits increased gradually with the passage of time giving highest records in the second week in case of controls and third week in case of irradiated samples after which the fruits in each group started showing symptoms of decay. This can be supported by GIHAN ( 2010) who examined the effect of gamma radiation on the microbial load of banana concluding that the treatment of gamma irradiation at all doses significantly reduced the load of yeast, mold and bacteria. Further, as the storage time increased, the microbial population increased. The fungal load of banana surface in this investigation also showed the same trend i.e the dose of 1.0 kGy was the most effective dose in retarding the fungal growth of all the other treatments. Based on the macroscopic and microscopic characteristics, the dominant filamentous fungi to be identified were Aspergillus niger, Aspergillus flavus, Collotrichum musae, Fusarium oxysporum,Mucor spp, Lasiodiplodia theobromea and Rhizopus stolonifer. GAWAI ( 2011) and OYEWOLE ( 2012) also attributed the same fungal pathogen to the deterioration of banana fruits. radiação aplicadas reduziu a incidência de podridões, atrasou processo de amadurecimento e inibir significativamente o crescimento microbiano (contagem de bactérias e fungos total), assim aumentar a vida de prateleira das bananas. dose de irradiação de 1,0 kGy foi encontrada como sendo a dose mais eficaz para manter positivamente as bananas armazenada sob condições ambientes. A vida média de bananas foi prorrogado por 14 dias. A identificação do bacteriaeaceae entérico através de API 20 E tiras revelou a presença de Shigella sonnie sobre a superfície do fruto, juntamente com Escherichia coli e um nonfermentor spp. A deterioração dominante causando fungos identificados foram Aspergillus niger, Aspergillus flavus, Collotrichum musae, Fusarium oxysporum, Mucor spp, Lasiodiplodia theobromea e Rhizopus stolonifer.
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